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A  scaled-down  version  of  a  conventional  solnljUity  column  which 
usee  "only  about  2  g  of  solid  material  is  described.  It  is  well-adapted 
for  handling  radioactive  materials,  and  has  been  used  for  radiochemical 
measurometite  of  the  solubility  of  red  mercury  (H)  oxide  in  3  M  NaClO/  A 
solutions  in  the  pH  range  1—6.  w/ 

Oiu’  reeults  compare  favorably  with  those  of  Garrett  et  oZ.*>*,;wh(yfc 
obtained  equilibrium  by  shaking  for  Unree  weeks  followed  by  settlingLJI 
for  three  to  five  days  Further  improvements  in  the  present  method 


Tlio  presence  of  Hg*+,  HgOH+,  and  Hg(OH),  as  the  only  mercuryS 
containing  species  is  confirmed,  and  the  following  values  for  the  equi¬ 
librium  constants  have  been  calculated: 

log  -}-  log  *Kt  =  -6.44  ±  0.08 

log  -log  *Kt  =  -0.30  db  0.30 

log  R»t  •=•  —3.76  d:  0.01 
log  -f2.69±  0.10 


whore 

•ifi  .»  [HgOH+][H+]CHg‘+-]->;  *K, 
Ksn  =[Hg(OH).] 


€  i 


<  [Hg[OH),][H+][Hg(OH)+r; 
[Hg*+][H+]-. 


Meas’orementfi'  of  the  solubility  of  sparingly  soluble  substances  have  tradition¬ 
ally  Jieen  made  by  shaking  samples  of  the  solid  and  solvent  together  for 
periods  long  enough  for  cquilibrium-to-  be  attained,  and  thereafter  analysing 
the  liquid  phase,  usually  after  separating  it  from  the  solid.  Alternatively, 
and  more  conveniently,  the  solvent  may  be  allowed  to  XJorcolate  slowly  throu^ 
a  Vortical  column,  of  the  solid  phase.  The  dimensions  of  this  are  not  critical, 
but  are  usually  chosen  generously  with  a  bed  20  cm  or  more  in  depth  and 
perhaps  2  cm  in  diameter.  Such  a  column  requires  a  large  amount  of  material, 
possibly  too  large  if  a  radiometric  method  is  to  bo  used  for  the  analysis  of  the 
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solution,  since  in  some  cases  it  may  be  essential  to  use  a  solid  phase  with  a 
high  specific  activity.  While  smaller  quantities  are  needed  for  the  first  method, 
manipulative  difficulties  in  separating  the  phases  may  also  become  important. 

A  method  of  avoiding  these  tmd  other  problems  by  precipitating  the  solid 

from  an  active  solution  and  measuring  the  reduction  in  the  activity  of  the'  ^ 

latter  has  recently  been  described  \  ^ 

In  this  work,  wo  have  sought  to  adapt  the  column  niothod  for  use  with 
small  quantities  of  active  solid  by  reducing  the  dimensions  of  the  solid  b^.  > 

Because  of  the  general  interest  of  this  laboratory  in  hydrolysis,  attentmn,has 
been  directed  towards  the  possibility  of  measuring  the  solubility  of  ojades  by 
a  radiochemical  method  in  a  column  of  small  size,  and,  for  the  initial  experi¬ 
ments  described  here,  mercury(n)  oxide  has  been  selected.  It  has  a  convenient 
isotope,  ®“Hg,  half  life  47  days,  and  the  hydrolytic  processes  imdergone  by 
Hg(II)  are  of  considerable  interest. 

The  solubility  of  both  red  and  yellow  mercury(II)  oxides  as  a  function  of 
the  hydrogen  ion  concentration  was  the  subject  of  a  careful  study  by  Garrett 
and  Hirschler  ®  (alkaline  solutions)  and  by  Garrett  and  HoweU  ®  (acid  solutions) 
who  used  the  first  method  mentioned  above,  and  an  electrometrie  method  of 
^ajysis  of  the  mercury  content  of  the  solution  phase.  The  technique  now 
usualdr. -studies  <of  equilibria,  of  using,  a  medium  of^high  and  constant/ionic 
strength  as  the  solvent,  was  not  used,  and  the-interpretation  of  the  results  is 
therefore  complicated  by  the  necessity  of  allowing  for  changes  in  the  activity 
coefficients  of  the  ionic  species  present.  They  concluded  that,  in  acid  solutions, 

Hg"+,  HgOF+  and  Hg(OH),  only  were  present,  that  the  neutral  species  predom¬ 
inated  over  a  wide  range  of  hydrogen  ion  concentrations  on  either  side  of 
neutrality,  and  that,  in  sufficiently  alkaline  solutions,  Hg(0H)3  was  formed. 

,  There  was  no  evidence  for  the  formation  of  Hg(OH)4“  even  in  2  sodium  hy¬ 
droxide  solution.  Any  polymer  species  present  of  the  type  Hg„(OH)n+2m 
would  not,  of  course,  be  detected  by  solubility  measurements  alone,  but  the 
"general  correctness  of  this  hydrolysis  scheme  in  acid  solutions  was  later  con¬ 
firmed  by  Hietanpn  and  SilI4n*  fora  0.6  M  sodium  perchlorate  medium.  They 
■used  the  potentioraetric  titration  method  and  concluded  that  *K^  was  smaller 
than  *K-^,  these  constants  being  defined  as: 

*K^  =  [HgOH+lCH+lCHgH]-!  (i) 

*K,  =  [Hg(OH),][H+][HgOH+]-i  (2) 

Clearly,v  siifficient  is  known  about  the  hydrolysis  of  Hg(II)  to  make;  it 
possible  to  decide  whether  the  method  adopted  for  measuring  solubilities 
gireo^^essentially  reasonablo  results,  while,  at  the  same  time,  a  fresh  study  of 
the  variation  of  the  solubility  of  morcury  (II)  oxide  mth  hydrogen  ion  concen¬ 
tration  in  a  medium  of  constant  ionic  stren^h  is  not  undesirable.  Tliis  paper 
describes  the  results  of  solubility  measurements  at  26*0  on  tho  red  form  of 
mercuric  oxide  in  acid  sodium  perchlorate  solutions  of  J  =  3;  carried  out  in 
a  miniature  solubility  column,  the  mercury  analyses- being  dbne  radiochemi- 
caUy. 
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AsysvOinatic  error  in  the  —log[H+]  values 
quoted  in  this  paper,  arising  from  en 
arithmetical  error,  has  been  detected. 
Tliroughout  they  should  bo  reduced  by 
0.142  units,  e.g„  nil  points  in  Fig.  2  should 
be  ahifterl  0.142  units  to  the  left  and 
— log[B[+]  at  the  intersection  of  the  asymp¬ 
totes  in  Fig.  2  should  bo  3.08  not  3.22. 
fVs  a  result,  the  piiblishod  equilibrium 
constants  must  bo  altered  as  follows: 


»  Jlcta  Olwm.  Scand  15  (1901)  393. 


log  *K^  +  log  ♦  iC,  =  -0.16  ±  0.08 
log  *  Kto  >=  2.41  db  0.10 

This  now  v-aluo  of  (log  */C,  -p  log  *Kt) 
agrees  with  Ahlborg’s  potontiomotrio  va¬ 
lue  *  within  the  expected  limits  of  error. 
The  values  of  log  ♦iC, —log*J^,  «  — 0.30± 
0.30  and  log  «  —3.76  ±  0.01  .remain 
unchanged. 

In  the  calculation  of  the  solubility  pro¬ 
duct  {pKto)  of  Hg(OK).„  LngorstrOm 'a  va¬ 
lue  of  pivm  r*  14.03  was  used.  This  is 
applicable  to  3  tnolal  solution  of  sodium 
perchlomto!  the  measured  value  for  the  3 
molar  solutions  used  in  the  solubility  work 
is  14,22  ’.  Using  this  and  the  rovisetl  value 
of  log  *K^,  pATii,  becomes  20.0. 


1.  Ahlborg,  I.  To  be  published. 
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HYDROLYSIS  OF  METAL  IONS  33 
EXPERBIENTAL 

Preparation  of  materials.  Red  morcury(n)  oxide  was  prepared  by  dissolving  redistilled 
merciiry  in  concentoratod  nitrio  acid  (Merck'  p.a.),  and  evaporating  the  solution 
until  a  white  ”nioroury(n)  nitrate*’ precipitated.  This  ■was  then  heated  at  400— 600®C 
in  an  olectrio  oven  imtil  aU  nitxogen  oxides  had  boon  driven  off.  The  reeulting  powder 
(dark  rod  when  hot,  scarlet  wheil  cold)  was;.washod  by  decantation  with  conductivity 
water  at  frequent  intervals  for  about  a  week  in  an  attempt  to  remove  soluble  matter  and 
very  fine  particles  of  oxide  (c/.  Rofs.V).  It  was  then  dramed,  dried  over  silica  gel,  and  a 
2  g  sample  sealed  in  a  quartz  tube  for  irradiation  in  the  Swedish  roadtor  R  1.  As  HgO 
is  a  rather  soluble  oxide  it  was  only  irradiated  for  3  h  in  a  flux  of  6,6  X  10  ‘‘  neutrons 
cm*  sec**. 

A  concontratod  solution  of  sodium  perchlorate  ww  prepared  from  chloride-free  sodium 
carbonate  (Merck  p,a.,  selected  sample). and  perchloric  acid  (Kebo.p.a.)  by  the  method 
normally  used  in  this  laboratory.  A  stock  solution  of  perchloric  acid,  about  1  M, 
prepared  from  the  concentrated  acid,  analysed  with  potassium  bicarbonate,  arid  used  to 
prepare  the  following  solutions: 

a)  0.1  M  perchloric  acid,/2.90  M  sodium  perchlorate. 

b)  0.01  M  perchloric  acid^  2.09  M  sodium  perchlorate, 

o)  0.01  M  sodium  hydroxide,  2.09  M  sodium  perchlorate. 

Solution  (o)  was  prepared  from  the  stock  sodium  perchloratfi  TOlution,  and  a  carbonate- 
free  solution  of  sodium  hydroxide  prepared  from  Kebo  p.a.  pallets.  Solution  (b)  was  used 
as  a  sttodard  of  hydrogen  ion  concentration,  and,  in  mixtures  with  (c),  for  preparing 
solutions  of  suitable  hydrogen  ion  concentrations  down  to  about  10'*  M  to  feed  into  the 
solubility  column.  Solution  (a)  was  used  to  prepare  acid  solutions  ^vith  [H+]  between 
10-»  and  lO'*. 

The  solubility- column.  This  was  a  conventional,  scaled-down  solubility  column  with 
the  form  and  dimonsioiis  shown  in  Fig.  1.  Tlie  column  ■was  immer^d  in  a  thennostated 
water-bath  which  also  served  os  a  radiation  shield.  The  internal  diameter  of  the  column 
was  made  small  enough  to  give  a  bed  of  morcury(n)  oxide  about  2  cm  thick  when  a  2  g 
sample  was  used;  it  was  felt  that  a  further  decrease  in  diameter  might  lead  to  flow  along 
the  walls  rather  than  through  the  powder  bed,  and  tliat,  with  a  viscoiis  medium  like  3  M 
sodium  perchlorate,  the  resistance  to  fluid  flow  would  become  unduly  largo.  The  height 
was  chosen  so  that  the  closmo  at  A  lay  above  the  level  of  tlio  thermostat  liquid  when  the 
bottom  of  the  column  rested  on  the  bottom  of  the  thermostat.  The  solid  was  held  on  a 
sintered  gloss  pad,  made  in  the  laboratory  and  of  uncertain  pore  size. 

A  novel  feature  of  the  column,  particularly  convenient  w  aen  radioactive  solutions 
are  boteg  handled,  was  the  small  lift-pump  which  was  placed' at  such  d  level  that  the 
powder  bed  was  never  denuded  of  solution.  Introduction  of  a  slow  stream  of  nitrogen 
at  the  point  shown  permitted  tllb'  effluent  from  tlie  cok  nn  of  «)lid  to  be  transported 
without  contamination  to  a  suitable  reservoir.  Cylinder  nitrogen  freed  from  oxygon  by 
passage  over  heated  copper,  and  wadied  successively  with  10  %  sulphuric  acid,  10  % 
sodium  hydroxide,  and  tnen  twice  3  M  sodium  perchlorate  solution,  was  used  for 
this,  and  alM  to  saturate  all  solutions  with  nitrogen  before  adding  them  to  the  column. 

It  was  recognised  that  full  equilibrium  might  well  not  bo  achieved  by  pa88ing;thb  solu¬ 
tion  once  through  sucli  a  shallow  bod,  and,  in  the  earliest  experiments,  the  solution  was 
circulated  from  tho  column  into  an  upper  reservoir  whence  it  cWppod  through  the  solid 
bod  again.  This  continuous  circulation  was  interrupted  from  time  to  time  to  take  samples 
from  tlie  upper.rcscr.'cir;  Thess  experinicnls  showed  clearly  tho  bxcessrTOly  iaigo  aihount 
of  active  mercury  cqiripd  through  the  column  when  it  was  first  used,  but  it  proved  more 
convenient  in  the  main  port  of  the  work  to  collect  a  definite  amount  of  solution  which 
had  passed  through  tho  column,  ond  to  analyse  it  before  deciding  whether  further  pas¬ 
sage  over  tho  solid  was  necessary.  To  increase  the  head  of  liquid,  ond  hence  the  rate  of 
flow,  tho  reservoir  in  these  experiments  was  made  from  a  60  ml  burette  whose  tip  passed 
through  tho  rubber  stopper  closing  the  column  at  A.  This  closure  was  gas-tight,  and 
tho  contents  of  tho  resorvoir  dripped  into  the  column  at  the  same  rate  as  the  solution 
passed  throu^  flio  solid  bod.  Etotwoon  6  and  10  ml  of  solution  were  always  above  tho 
solid' bed  in  the  column,  and  tho  solution  coming  in  from  the  reservoir  had  ample  time 
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Fig.  1.  Solubility  column.  All  measures 
in  mm, 

a,  a  Inlet  and  outlet  tubes  for  passirifc', 
nitrogen  through  top  of  column, 
and  fbr  reducing  the  pressure  at 
this  point  when  re-packing  tlio 
column.  Closed  during  nompal 
operation  of  column, 
b  End  of  reservoir-burette. 

0  Sintered  glass  pad, 
d  To  collecting  veseel 


to  roach  tomperatmb  equilibrium  with  the  thermostat  since  the  flow  rate  amounted  to 
only  about  10  ml/h. 

In  the  later  experiments  the  following  procedure  was  followed.  A  solution  of  the 
apprdnriato  hydrogen  ion  concentration  was  prepay,  and  a  stream  of  purified  nitrogen 
passea  throu^  it  for  20—30  mini  It  was  then  transferred  to  the  burette  reservoir  and 
allowed  to  drip  through  the  column.  The  first  10—16  ml  coming  over  served  to  wash 
out  the  column  and  were  discarded.  Tlie  remaining  contents  of  the  system  were  collected, 
analysed,  and  rotxumed  to  the  column.  Experiments  at  several  different  acidities  (seo 
below)  showed  that  further  small  changes  in  concentration  and  acidity  usually  occurred 
up  to  and  including  the  third  pass  through  the  column  if  this  waa  working  correctly,  but 
that  a  fourth  pass  was  not  neboswry.  During  the  third  and  final  run,  at  le^t  two  wmples 
of  3— 4  ml  each  wore  taken  so^rately  and  opalysed  to  chock  the  homogeneity  of  the 
effluent  and  the  reproducibility  of  the  analyses. 

The  merciirj'  content  was  found  by  taking  a  weighed  sample  of  about  2  ml  and  count¬ 
ing  the  gamma  radiation  in  a  Tracorlab  SC— 67  low  tockg^und  weU.scintillation  counter 
coupled  to  a  SO— "o  Vorsa/maiio.xi  Scaler.  A  staiidard  mercury  sample  of  Imown  weight 
and  of  about  the  same  volume  was  prepared  froin  a  solution  made  by  dissolving  about 
0.04  g  of  the  active  oxido  in  approxiniatbly  1  ml  of  3.6  M  nitric  acid  and  maldng  up  to 
26  with  solution  (o).  This  was  analysed  chemically  for  mercruy  with  potassium 
thiocyanate  solution.  This  was  itself  standardised  against  a  mercury  standara  prepared 
by  dissolving  an  accurate  known  weight  of  pure  morciuy  in  60  %  nitric  acid  and  dilut¬ 
ing  to  a  known  volume.  The  mbaii  of  estimations  was  6.36|  X  10"’  mole  mercury  per  litre, 
with  a  standard  deviation  of  6  X  10’*. 
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The  acidity  was  measured  with  a  Beckmann  Bed  glass  electrode  connected  to  the 
silver-silver  chloride  reference  electrode  through  a  ”Wilhelm”  bridge,  the  complete  cell 
being: 

G.E.  1  Unknown  solution  |  3  M  NaClO*  )  2.99  M  NoC104i  0,01  M  AgNO,  [  AgCl,  Ag 

The  e.m.f.  of  this  was  measured  with  a  Badiometer  pH  meter,  type  4.  The  reference  elec¬ 
trode  was  prepared  by  Brown’s  method  *.  Hydrogen  ion  concentrations  were  calculated 
from  the  difference  in  o.m.f.  observed  when  the  glass  electrode  was  immers^  in  solution 
(b)  cmd  in  the  solution  under  test;  corrections  for  changes  in  the  liquid  junction  potential 
with  changing  acidity  wore  negligible  in  all  solutions  used. 

To  malm  these  measurements,  it  was  necessary  to  l;andle  the  solutions  in  the  open 
laboratory  which  was  not  very  desirable  for  solutions ':pf  low  acidity  since  the  buffer 
capacities  were  small,  and  it  would  be  an  improvement  in  future  work  of  this  kind 
arrfuigo  to  measure  the  acidity  of  the  solution  as  soon  after  it  loaves  the  colid  as  is  possible. 
Another  source  of  error  in  those  acidity  measiurements  was  the  small  changes  which 
occurred  in  the  asymmetry  potential  of  the  glass  electrode  dmihg  the  frequent  wadiing 
and  handling  to  which  it  was  necessary  to  subject  it.  This,  too,  could  be  avoided  by  a 
modifrcation  of  the  kind  suggested,  and  an  improvement  in  the  accuracy  of  this  measure¬ 
ment  would  contribute  appreciably  to  a  reduction  in  the  experimental  scatter,  and  hence 
to  an  improvement  in  the  precision  with  which  the  hydrolysis  .constants  can  Iw  calculated. 


RESULTS 

Abnormally  high-  ”solvhiUties”  in  newly-prepared  column.  The  column  was 
filled  by  adding  the  dry  active  mercury(II)  oxide  to  the  dry  clean  column, 
and  passing  in  a  nitrogen  satmrated  solution.  This  was  made  up  to  be  2.99  M 
in  NaC104,  .O.Oi  Mm  NaOH,  and  waa  chosen  for  the  preliminary  experiments 
mainly  because  of  Garrett  and  Hirschler’s  observation  *  that  the  solubility  was 
nearly  independent'  of 'the  acitoy  iii  this  range.  For  the  first  five  saihples 
taken  the  solution  was  being  circulated  continuously  through  the  system. 
If -it  is  assumed  that: 

i)  full  solubility  equilibrium  is  attained  in  one  pass  through  the  column, 

ii)  the  rate  of  flow  out  of  the  reservoir  is  equal  to  that  through  the  column, 
it  can  be  easily  shown  that  the  concentration  (7,  in  the  rese^oir  at  any  lime 
i  after  the  start  of  the  experiment  is  related  to  the  final  steadystate  value, 
Om,  by  the  equation, 

Cf  =  (7co(l— exp.( — t/O))  (3) 

where  &  =  v/F.  Here  v  is  the  rate  of  flow,  and  V  the  volume  of  the  reservoir. 
The  first  of  the  above  assumptions  is  not  quite  correct  butlthis  is  not  important 
for  the  present  purpose.  Table  1  shows  some  values  of  Coo  calculated  itom  (3) 
and  observed  values  of  (7<,  t,  and  0.  Samples  6 — 10  inclusive  were  obtained 
in  subsequeht  experiments  by  direct.  sampIing-of:the.effluent;feoni:the  colunm, 

As  caii  bo  seen,  the  apparent  solubiUty  of  the  oxide  was  highest  for  the 
ea.^liest  samples  and  fell  as  the  total  volume  of  liqmd  which  had  passed -over 
the«column  increased.  It  was  clear  that  the  oxide  sample  was  not  completely 
uniform  in  spite  of  the  prolonged  washing  it  had  received  before  irradiation. 
Had  this  been  used  in  solubility  measurements  by  the  .batch  method,,  high 
and  probably  rather  irregular  values  of  the  solubility  would  have  been  obtain^ , 
whereas  by  the  colunm  method  it  is  easy  to  continue  washing  with  a  sxiitable 
solution  until  reproducible,  results  are  obtained. 
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Tabu  1.  Apparent  solubility  of  morcuiy(II)  oxide  in  0.01  NaOH,  2.09  M  jraC104 

when  the  coju^  is  freely  packed. 


Sample 

tie 

10*  Cco  M  Hg 

1 

0.2695 

61.8 

2 

0.464 

63.4 

3 

0.691 

62.0 

4 

1.33 

38.6 

5 

3.33 

26.8 

6 

Direct  sample 

26.2 

7 

>  » 

26.2 

8 

»  » 

26.0 

9 

»  » 

22.0 

10 

■  ,  »  » 

22.6 

Tha-attainment  of  equilibrium.  After  the  preliminary  conditioning  made 
necessary  by  the  high  apparent  solubilities  observed  with  the  freshly-packed 
column,  it  was  found  that  the  concentration  of  a  solution  which  had  passed 
once  through  the  column  could  bo  increased  slightly  by  passing  it  tlirough 
a  second  time.  Table  2  shows  the  changes  in  concentration  of  mercury  and 
hydrogen  ions  when  an  initially  mercury-free  solution  0.01  M  in  perchloric 
acid  and  2.99  Min  NaClO*  was  passed  foiu:  times  througli  the  column. 


TahU  2.  Effect  of  repeated  passages  through  the  column  of  an  initially  mercury  free 
solution,  0.01  M  HCIO,,  2.99  M  NaC10«. 


No.  of  passes  through 
column 

Mercury  concentration 

M  X  10*‘ 

—log  .  [H+] 

1 

41.3 

2.67 

2 

42.0 

2.68 

3 

43.4 

2.67 

4 

43.0 

(2.64) 

In  this  CMC,  and  in  several  others  which  were  studied,  the  tliird  pass  was 
necessary  but  not  the  fourth,  and  for  this  reason  the  experimental  routine 
described  earlier  was  adopted.  From  time  to  time,  solubility  values  which 


ed.  These  seemed  to  be  duo  to  some  kind  of  mechanical  defect  such  as  chan¬ 
nelling  in  the  powder  bed,  since  after  reducing  the  pressure  at  the  top  of  the 
column  thereby  sucldng  the  powder  backup  it,  and  then  allowing  to  .'^bttle 
again  under  gravity,  normal  results  were  obtained  after  two  or  three  passes 
through  the  column.  Some  time  would  have  been  saved  had  this  procedure 
been  carried  out  more  regularly. 

A  further  point  of  practical  importance  is  that  it  proved  impossible  to 
obtain  satisfactory  results  by  passing  solutions  through  the  column  which 
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Fig.  ?,  Solubility  results  for  rod  niercury{n)  oxide  in  3  M  sodium  perchlorate  solutions. 
•  Experimental  data  ropprtod  in  Table  3. 0  Garrett  and  Howell’s  data  •  in  low  imd  vari¬ 
able  ionic  strength  medium. 

Full  curve:  Normalised  solubility  cur\’o  with-p  «=»  0.50  fitted  to  data. 

Broken  curve:  Normalised  curve  with  p  =  1  fitted’  to  data.  The  thin  linos  are  the 
asymptote  according  to  oqns.  (7)  and.  (8). 


contained  slightly  more  mercury  than  corresponded  to  their  acidity.  Repeated 
passages  failed  to  change  appreciably  either  the  mercury  content  or  the  acidity. 
Two  possible  explanations  are  the  presence  of  equilibria  in  the  solution  which 
wore  attained  very  slowly,  or  more  probably,  the  presence  in  the  super- 
satxuated  solution  of  mercury  (11)  oxide  in  a  microcrystalline  form  which  passed 
through  the  colunm  imchanged,  and  was  analysed  as  soluble  mercury. 

The  solvbility  of  mercury  (II )  oxide.  The  results  of  the  solubility  measure¬ 
ments,  other  than  for  those  experiments  in  which  solubility  equilibrium  was 
demonstrably  not  attained,  are  shown  in  Table  3.  Rig.  2  is  a  plot  of  log  S 
against  log  [H+]  (filled  circles)  where  S  is  the  concentration  of  mercury  in  the 
solution,  and  [H+]  is  the  free  hydrogen  ion  concentration  measured  with  the 
glass  electrode.  Gairett  and  Howell’s  ®  values  (open  circles)  for  the  solubility 
of  red  mercury(II)  oxide  are  also  sho'ivn  in  this  figure  for  comparison. 

It  can  be  seen  that  the  change  Jlrom  a  medium  of  very  low  ionic  strength 
as  used  by  Ganrett  and  Howell  ®  to  a  3  MNaC104  me^um  produces  a  very  large 
change  in  the  solubility  curve,  while  the  reproducibility  of  the  present  results 
can  fairly  bo  claimed  to  be  better  than  that  attained  in  their  carefully  designed 
and  executed  experiments.  It  should  be  noted  that  their  results  as  tabulated 
represent  the  means  of  several  different  experiments  carried  out  under  the 
same  conditions,  so  that  experimental  variations  have  been  smoothed  out  to 
some  extent  in  their  data  plotted  in  Fig.  2,  The  lower  solubility  for  tho.noutral 
species  observed  in  the  higher  ionic  strength  medium  is  presumably  a  normal 
”salting-out”  effect.  The  charged  species  are  ”salted-in”. 
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Tabh  3.  Tho  variation  of  tho  eolutility  of;Ted  morcu^(n)  oxido  with  hydrogen  ion  con 
centration  at  26*0  in  a  3M  sodium  perchlorate  medium  ^ven  as  —log  S  (—log  [H+]). 

1.668(2.160),  1.357(2.166). 

2.302(2.669),  2.366(2.644),  2.362(2.644),  2.371(2.644). 

2.609(2.666). 

2.701(2.761),  2.698(2.768). 

2.762(2.846),  2.767(2.830),  2.767(2.836),  2.764(2.840). 

2.799(2.866). 

2.806(2.806),  2.799(2.802). 

2.968(2.900),  2.964(2.910). 

3.128(3.046),  3.124(3.046). 

3.203(3.166),  3.196(3.160),  3.201(3.166),  3.199(3.166). 

3.247(3.170),  3.246(3.170). 

3.334(3.296),  3.341(3.290). 

3.370(3.348),  3.360(3.339),  3.369(3.323). 

3.682(3.510),  3.564(3.664),  3.661(3.610). 

3.694(3,697),  3.603(3.668),  3.602(3.646),  3.603(3.660),  3.602(3.666),  3.606(3.646). 

3,682(3.688),  3.588(3.680),  3.682(3.650). 

3.761(4.060),  3.706(3.980),  3.706(3.960). 

3.747(3.930),  3.737(3.970). 

3,703(4.430),  3,({pl(4.376). 

3.761(4.672),  3.763(4.606). 

3.764(4.920),  3.761(4.920),  3.746(4.976). _ 


Each  group  of  results  is  dorivod  from  one  independent  experiment.  They  axe  included  to  show 
the  degree  of  variation  between  samples  tvtken  from  tho  column  at  successive  times. 


DISCUSSION 

Both  tho  earlier  solubility  work  of  (/larrott  and  Howell  and  the  potontio- 
metric  study  carried  out  by  Hietanen  and  Sill6n  *  could  be  interpreted  on  tho 
basis  of  the  following  equilibria: 

Hg*+  +  H,0  ^  HgOH+  +  H+  (4) 

HgOH+  +  HjO  Hg(0H)2  +  H+  (6) 

with  equilibrium  constants  and  *Ki  defined  by  the  eqns.  (1)  and  (2)  given 
earlier.  The  formation  of  anionic  complexes  does  not  occur  until  tho  solutions 
become  strongly  allcahno  as  can  be  seen  from  tho  solubility  data  of  Garrett  and 
Hirschler  *.  view  of  these  results  it  can  bo  assumed  that  the  total  dissolved 
moremy  S  in  tho  acid  solutions  studied  hero  is  given  by 

log  S  ==  [Hg*+]  +  [HgOH+]  +  [Hg(OH)2] 

which,  from  tho  definitions  (1)  and  (2),  leads  to  tho  equation 

S  =  [Hg(OH},](l  -}- 
or 

log  S  =  Jog  [Hg(OH),]  +  log(l  +  (6) 

Log  [Hg(OH)2]  is  a  constant  if  the  solution  is  in  equilibrium  with  the  solid 
phase,  and  the  plot  of  log  S  against  — log  [H+]  has  two  linear  asymptotes. 
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Wlien  is  largo  compared  with  *Za'^[H+]  and  unity,  the 

asymptote  has  slope  2: 

log  S  =  log  [Hg(OH),]  -  log  *K^*K,  +  2  log  [H+]  (7) 

When  both  terms  involving  [H+]  are  much  loss  than  1  it  has  a  slope  zero: 

log  S  =  log  CHg(OH),]  =  log  (8) 

A  standard  curve-fitting  technique,  due  to  Sill4n  •,  has  been  used  to  deter¬ 
mine  the  equilibrium  constants.  Plots  of  log  (1  -j-  pv  -j-  a*)  against  — ^log  v 
for  values  of  the  variable  a  lying  between  0.01  and'  100,  with  p  =  0,  0.26,  0.60, 
1  and  2,  were  drawn  and  compared  with  one  of  log  S  against  — log  [H+-]  derived 
from  the  expozimental  data,  all  plots  being  drawm  to  the  same  scale.  By 
comparison  of  eqn.  (6)  with  the  normalise  variable  7"  =  log  (1  pv  -f  t>®) 
wo  find 

p  (9) 

Prom  values  in  Table  3  wo  calculated  with  eqn.  (8) 
log  S  =  —3.76  ±  0.01  -  log  if.* 

Using  this  value  as  the  horizontal  asymptote  an  acceptable  fit  to  the  experi¬ 
mental  curve  could  be  obtaii  t  d  with  p  =  0.6  and  1,  — ^log  [H+]  at  theinteraec- 
tion  point  of  the  asymptotes  ibeing  found  as 

—log  :[H+]  =  3.22  ±  0.04  log  *K^*K^ 

The  deviation  represents  the  hmits  -within  which  this  intersection  could  lie  if 
the  data  are  fitted  to  a  curve  "with  p  =  0.6  or  1  (the  curves  are  du-a-wn  in  Kg.  2). 
Because  of  the  experimental  scatter,  it  is  not  possible  to  be  very  precise  about 
the  value  of  p.  Prom  Hietanon  and  Silidn’s  published  constants  *,  valid- for  a 
medium  0.6  M  inoodium  perchlorate,  p  can:be  calculated  as  0.28  d:  0.06  and 
recently  Ahlberg  ’’  has  obtained  the  preliminary  value  p  =  0.39  for  3  M  NaClO*. 
The  present  "lolubility  data  are  therefore  not  qxiite  consistent  -with  the  poten- 
tiomotric  measurements,  but  the  difference  is  not  too  serious. 

The  solubility  ofthe  neutral  species  Kg(Oli)2  is  Ajg  =  (1.77  ±  0.06)  X  10~* 
M,  and  log  +  log  *£2  —  -r^6.44;d:  l^th  values  referring  to,  a  3  M 

sodium  perchlorate  medium  at  25'’0.  The  latter  value  is  somewhat  smaller 
than  Ahlberg’s  potentiometric  value  ’  — 6.22  (preliminary)  and  the  value  — 6,30 
determined  for  0.5  M  Ifa0i04  by  Hiotanen  and  Sill6n  *. 

Separate  values  o£  *Ki  and  can  be  obtained  by  combining  tliis  sum 
■with  the  difference  derived  from  the  values  of  p  (eqn,  (9))  which  give  the  best 
fit  to  the  curve.  When  p  =  1,  the  two  constants  are  equal,  and  when  p  =  0.6, 
4:*K^=  Wo  can  therefore  only  obtain  log *iLi  and  log  ^parately 
Avith  rather  large  errors:  log  *Ki  =  — 3.37  ±  0.19  and  log  *K2  =  — 3.07^:0.19. 
Alilberg  ’  has  obtained  the  prelirninary  values  — 3.52  and  — 2.70  and  Hietanen 
and  SiUdn  ^  — 3,70  and  — 2.60.  There  is  no  doubt  that  at  present  a  more 
accurate  p  value  is  obtained  by  the  potentiometric  method. 

The  solubility  product  "‘Ago  of  Hg(OH)2  can  also  be  calculated  from  the 
relation  Agj  =  *K^*Ki*J£2  log  *K^  —  2,69  d:  0.10.  In  3  M  NaClO^  at 
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25°G,  LagerstrOm  *  found  piT^  =  14.03,  and  hence,  the  solubility  product  of 
Hg(OH),  i'pK^)  for  these  conditions  is  26.4. 

No  other  study  of  the  solubility  of  mercury  (II)  oxide  in  a  3  M  sodiiun  per¬ 
chlorate  medium  has  been  reported.  Some  old  solubility  measurements  of 
Grossman  •  in  a  variable  ionic  strength  medium  at  26°C  gave  a  value  for  pZ^ 
of  26.4,  and  Latimer  calculated  a  value  of  26.62  for  an  infinitely  dilute  solu¬ 
tion.  Garrett  and  Howell’s  ®  value  for  log  *K^  at  low  ionic  strength  is  1.72 
against  the  present  one  of  2.69  for  3  M  NaClO^.  Their  calculations  of  log*iri 
and  log*j?j  were  not  done  by  curve-fitting  methods,  and  they  foimd  — 2.49 
and  — 2.86,  respectively,  or  log  *K-y*K^  =  — 6.34.  These  figures  were  based 
on  solubility  measurements  of  both  red  and  yellow  forms  of  mercury(II) 
oxide.  Using  only  the  data  for  the  red  oxide  shown  in  Kg.  2,  the  curve  fitting 
method  gives  a  value  for  log*^i*jK^,  of  about  — 6.6,  but  the  values  are  too  few 
to  give  any  real  estimate  of  the  individual  constants. 

An  important  result  of  the  present  work  is  the  conclusion  that  accurate 
solubility  measurements  can  be  obtained  from  the  column  method  using  a 
much  smaller  quantity  of  solid  phase  than  is  usually  the  case,  the  only  penalties 
being  the  necessity  of  passing  the  solution  through  the  column  two  or  three 
times,  and  of  frequent  re-packing  of  the  column  by  the  simple  teclmique 
described.  This  modified  column  method,  with  the  teclmique  of  collecting 
samples  using  a  small  gas-lift  pump,  is  well-adapted  to  handling  radioactive 
materials,  and  could  be  safely  used  with  a  solid  phase  having  a  much  higher 
specific  activity  than  that  employed  here.  This  would  be  useful  in  studying 
substances  of  low  solubility. 
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